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Apparatus for immediately outputting the response of a 
synchronous system to an asynchronous event 
5 ^Oudcfi^^Ur(A^^ 

The present invention relates to an apparatus according - 
. to th e proGharacteri z ing clause of -^ atent clai - i» -^ — t^^i-at^ 
is — to — — an — appara ±Tr5"^ for immediately outputting the 
response of a synchronous system to an asynchronous 
10 event. 

A synchronous system is a system whose state 
changes only at specific (normally equidistant) times. 
Such a system is, for example, a digital circuit in 
which the sequential elements (the flipflops)/^ and thus, 
15 the circuit containing the sequential elements as well, 
itself ^^c^anges ^^^it^ gtate only during the rising or 
^ f alling^^^feSlf^ or slio^^^^f^af ter it (delayed by the gate 
delay times). The times at which state changes can 
occur are referred to in the following text as defined 
20 state changing times. 

In .contrast to this, an asynchronous event is 
^ an event^which may occur at any time. 

Since synchronous systems f may ) * react 
certain occasions with a defined result to events^ -3=^ 
0^ 25 when — said — e v e nt s occur more or less precisely at the 
defined state changing times, it has been found to be 

advar\t^geous for the asynchronous event^^^^ — be- more 

4r^L^^Si!^^^Ti\\e. signals or signal changes which signal such 
eyents/3 to be synchronized (phased-in) . This can be 
30 done, for example, by connecting a flipflop downstream 
from feha - t ^ input connection via which the asynchronous^ 
oy event is fed into the system, with the input of tha & 

flipflop and the asynchronous input connection of the 
synchronous system being connected to one another. 
35 Since signals applied to the flipflop input 




'~ - 2 - 

are transferred to Ahe flipflop output only on the 
^ rising or f allingy^^fia^^r* of a clock signal, a synchron- 
ous (phase-in) signal is available at the flipflop 
output - 

5 This makes it possible to ensure that the 

synchronous system always reacts correctly to 
asynchronous ev^r;itJ 

fly 

not respond immediately to an asynchronous event, but 
10 with a greater or lesser delay, since synchronous 

systems can in fact change their state only at the 

defined state changing times. 

However, in certain cases, it ^is necessary to 

react to the occurrence of an asynchronous event 
15 immediately. (^jX^^ 

oJ ' In order to . aj-low — thio — to b e — achi -ev^ wbeft 

tr sing^ ^ a synchronous system, it is possible for those 
parts of the system to which asynchronous events are 
input and which yy^^:«'y^-^"^feo produce a response to these 

20 events/ to be operated asynchronously. The relevant 
system parts can be operated asynchronously, for 
Qt-^ example, by ^3b^^:^^^^-^'^^^^^^5[fi:e' using the asynchronous 
event as the clock signal for these system parts, as a 
result of which the elements in the relevant system 

25 parts switch at the same time that asynchronous events 
occur. In this ^^^^j^ it is possible to respond to 
asynchronous events immediately- However, a problem in 
this case is that the synchronously operating part of 
^ h e syg trefft and the asynchronous part of it change their 

30 states at different times and must be synchronized with 
one another in a pomplex manner. ^ i^.^-^^. 

^ The present inv^taion is thus^^^j^^^b|_sed on ;fe-he- 

object of developing t+te^ apparatus i^a ccoi ' ding — tt> — fHe" 
^if^chcii-a^^re^. 7i ng ,., r1 anso of pator r L claim 1 — sTTc4v-4:iia±-^irt — • 
^ jy^3 possjbfcxjp^to — tea-et immediately to asynchronous events 

in a simple manner. 
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cX. arS cKjhiy vtid" according to 

inventibri by the features claimed in the charagj&elrizing 
part of patent claim 1, that is to say^-tr^^an advanced 
calculation device by means of,,^wtfich the responses of 
the synchronous systemjto^'possible asynchronous events 
can be calculate<i-^irn advance, and by a switching device 
by. means o^^-'«?hich the output signal from the advanced 
calcuJ^^on device or the output signal from the 
hronous system can be passed on selectively. 



^ou - s — syst e m 
irH Gonoodi 



4^i«fte^, it is possible to cont 




operating the synchronous system "normally" and^^w 
lar g ely without any change. The fact that the system's 
response to asynchronous events takes place only after 
a greater or lesser delay after the occurrence of the 
asynchronous events i*s . not disadvanta-geous since the 
capability to output a response calculated in advance 
by the advanced calculation device ^^^^i^^^^^f^q m 
moony ^¥ha ^^ the synchronous system ^ can i^ rr ^Jc ' b react 
immediately and independently to asynchronous events. 
The currently determined response of the synchronous 
system need be only suff leniently early for the advanced 
calculation device to have sufficient time to calculate 
the response to the next asynchronous event in advance^ 
S D c rTQrG jQi'^a Gvont — ee-em?^- 



j gidva n t ra-geiya^ — ds^iB-Lopnve^tfes — — trh^ — inv e nti on 
be found^ in the dependent claims, the rp<inowing 
description and the figure. 

The invention will be de^p-afiSed in more detail 
in the following^ text usjj^^g^ an exemplary embodiment, 
and with reference tp^-tlie figure - 

The fiqjLWfe shows, schematically, the configura- 
tion of aji^exemplary embodiment of an apparatus for 
immediately outputting the response of a synchronous 
:em-J;^-.aii _asynchr ono^^^ 



The, apparatus described in more detail in the 
B^^*«^^^ntains a Vnormal" synchronous system, 
that is to say a system ^hx&h r reacts synchronously to 
asynchronous events . 



following j^^^ 



m # 
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The asynchronous events/ or the signals which 
signal them^ are preferably synchronized or phased-in 
before being used by the synchronous system. To this 
end, the relevant event is delayed suf f icientlyy(that it 
5 appears to the synchronous system as if the event had 
occurred at a defined state changing time. In the 
present case, this is achieved by connecting a flipflop 
downstream from the input connection via which the 
asynchronous event is input into the system^ with the 
10 input of this flipflop and the asynchronous input 
connection of the synchronous system being connected to 
one another. Since signals ^ ^fvicri are applied to the 
flipflop input are transferred to the ^flipflop output 



0^ only with the rising or falling ^^^^^ of a clocrk 

15 signal, a synchronous (phased-in) signal is available 
at the flipflop output. As a rule, it has been found to 
be advantageous for at least one further flip-flop to be 

Ou connected downstream from the ^^^^ t&^^Ll'fylA.uy ; t h i s 

allows the occurrence of metastable states to be 
20 prevented. 

In cases in which the synchronous system reacts 
(jj correctly to the asynchronous events even withoutyy^s^^ 
^ events being synchronized, it is, e^ — cour se^ possible 
to dispense with the synchronization of the asynchjron- 
25 ous events. 

In order to allow the system to react 
immediately to asynchronous events , ^•s-aird' system also 
has an advanced calculation device and a switchina 

device^r-^-w^r^th ttrer advanced calculation device trfe^rrg 

30 designed to calculate the responses of the synchronous 
system to possible asynchronous events in advance/ and 

^ — the — s^AiiiJfe^h-tn-g — de- vic e — bexng — xtesignsLd—JLo pa-s^s — or— 

either the output signal from the advanced calculation 
device or the output signal from the synchronous 
35 systemy— o ptionally a trd Selerrt-irve-ly. 

The fundamental configuration of such an 
arrangement is shown in the figure, ^ w^r^^"^ th:e* 
synchronous system is denot ed—by The" 
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Qu/ re-^e^^rrce—symirol 1, the advanced calculation ? 

;^iie.._E:&££.E^ftee-"3^q«teei 2, and the switching device by^ttT^ 
OJ ,te-te«Tice symUoi 3 . 

The switching device 3 may be, for example, a 
5 multiplexer and, in the example under consideration, 
has input connections El and E2, an output connection A 
and a control connection C, with the first input 
connection El being connected ^^^o^ the output connection 
of the advanced calculation ^2 , and with the second 
10 input connection E2 being connected to the output 
connection of the synchronous system 1. The signal 
which is output at the output connection A of the 
switching device 3 is either the signal applied to its 
input connection El Oj^ the signal applied to its ot^her 
oJ 15 input connection E2^^>y^fee control signal applied to^.the 
control connection C determines which of the input 
^ signals^ is passed on. The output signal A from the 

switching device 3 is^at the sajg<^ time^ the output 
signal from the entire apparatus/ — i^y^ the signal (not 
20 shown in the figure) which is input into the apparatus 
is a signal signaling an asynchronous event, the output 
signal A from the switching device 3 represents the 
response of the synchronous system 1 to the asynchron- 
ous event. 

25 The synchronous system 1 is the synchronous 

system which has already been described above. 

As has already been stated above, the advanced 
^ calculation y^de^ icg - 2 is designed to /^determine the 

response to an event in^advance,r— - t - hou 'i s'* to s ay — e^uie^^ 

30 before the event occur sr-^-M^^more than one event can 
occur, the responses ^!&e^^be determined for all the 
events or a selected number of events/ and can^ at the 
same time^ be applied to a plurality of input 
connections of the switching device 3 or, irf — 3^e■qti-rre^d• 

35 ^ nd - alternatively, can be applied to the switching 

device 3 via ojie or u.a. .relatively small number of input 

connections to -ix.. 0 
01/ A ^ 
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When an asynchronous event occurs, it is now 
possible for the response, calculated in advance by the 
advanced calculation j^ d t ^vlccr 2, to be output 
immediately; y^^*"^ response (which is preferably perjuan- 



ently applied via a flipflop or the like) ^ vjhicT f is 
produced at this stage at one of the input connections 
of the switching device 3 jrrs-t^as to be passed on by 
the switching device 3 to its output connection A, 
which can be done without any problem, at any time/ and 
with immediate effect, via its control connection C. 

In the given circumstances, there is no reason 
for the synchronous system 1 to react asynchronously to 
the asynchronous event . Finally, the response to the 
asynchronous event is ifi — f ac - ^: - output precisely at .the 
time that it occurs. Nevertheless, the synchronous* 
system also reacts to the asynchronous event and, in 
doing so, comes to the same conclusion as the advanced 
calculation carried out by the advanced calculation 
de vice .. 

As soon / as the response of the synchronous 
systemy^^occurs, >^/^is Applied to the input connection E2 
of the switching device 3 and causes, via the control 
connection C, &a§9^ switching device 3 to pass this 
signal straight on to the input connection A. 

Since the response of the synchronous system 1 
to the asynchronous event and the response determined 
in advance by the advanced calculation^y^d^^^^ 2 are the 
same (they just originate from different sources), 
nothing changes at the output connection A of the 
switching device 3. However, in this way, the advanced 
calculation device can start to calculate the response 
to the next asynchronous event/ or the responses to the 
various next asynchronous events, in advance. 

I Although it is unnecessary for the synchronous 
system^to react immediately to the asynchronous event, 
it must not take an indefinite time to do so. The 
process of finding the response must 
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be completed sufficiently early^ that the advanced 
calculation device still has sufficient time to cal- 
culate the response to the next asynchronous eventy or 
the resaqnses to various asynchronous events^ in 
advance/^'efore they occu^. 

Obviously, the apparatus described above can be 
used for widely differing purposes. 

The asynchronous event^r or the signal which 
n ais — irt-> — ma-y — iiv— ^1=^4.5 — ca^-e — ais-o— be — u-s^d — "j ust - " — a-s— a- 



clock by j n e an a — which., — ^#ct — e xample data are output 

asynchronously from a synchronous systB^^Jjsi^r^ case, 

it is sufficient for the asynchronous event to be used 

3 

to actuate the switching device^ (to actuate tts- control 

5 ^sscribed arrangement is not limited to 

S &eing — depe^^^e^t — orr operating on only one asynchronous 
input signal^---cbi^^ number of /synchronous and/or 

asynchronous!^ input signals may be taken into account. 
In this case, it is irrelevant whether the asynchronous 

0 input signals are in synchronism with one another. 

The^ described apparatus is an electrical sy,stem 
^n the exam ple r ie-&e^^d^ed-- afeoA^e . However, d^ul^^also 
be an electromechanical or mechanical system. The above 
statements apply as appropriate to such systems./L — iB- 

5 this case, however, the terms "input and output 
signals" may mean mechanical states. 

The described apparatus makes it possible for 
responses by synchronous systems to asynchronous events 
to.be output immediately after said events occur. 



